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[57] ABSTRACT 
A regeneration process for tellurium-containing metal 
oxide catalysts used in the process for oxidation, am 
moxidation or oxidative dehydrogenation of organic 
compounds at a temperature of about 300° C. to about 
600° C. The process can be effectively applied to such 
catalysts which have become partially deactivated dur 
ing the reaction. According to the present process, the 
deactivated catalyst is regenerated at the reaction tem 
perature under a non-reductive atompshere by contact 
ing the deactivated catalyst with a telluriurn-enriched 
metal oxide catalyst having a tellurium content higher 
than that of a fresh metal oxide catalyst used in the 
reaction, or by contacting the deactivated catalyst at 
the reaction temperature with a tellurium-molybdenum 
enriched catalyst system selected from the group con 
sisting of (i) a physical blend of a tellurium-enriched 
catalyst and a molybdenum-enriched catalyst and (ii) a 
tellurium-molybdenurn-enriched catalyst, the tellurium 
and molybdenum contents being higher than those of 
the fresh metal oxide catalyst used in the reaction. In a 
particularly preferred embodiment, the process is ap 
plied to tellurium-containing metal oxide catalysts in a 
fluidized bed. More preferably, the process is carried 
out during the oxidation, ammoxidation or oxidative 
dehydrogenation reaction. 

19 Claims, N0 Drawings 
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PROCESS FOR IMPROVING ACTIVITY OF 
TELLURIUM CONTAINING METAL OXIDE 

CATALYSTS 

FIELD OF THE INVENTION 

The present invention relates to a process for improv 
ing the activity of tellurium containing metal oxide 
catalysts. 

BACKGROUND OF THE INVENTION 

Many tellurium containing metal oxide catalysts have 
been known. For example, it is known that catalysts 
composed of oxides of molybdenum and tellurium de 
scribed in U.S. Pat. No. 3,164,626, catalysts composed 
of oxides of molybdenum, zinc and tellurium described 
in Japanese Patent Publication No. 7774/66, catalysts 
composed of oxides of tellurium and cerium described 
in U.S. Pat. No. 3,446,834, catalysts composed of oxides 
of molybdenum, tellurium, manganese and phosphorus 
described in U.S. Pat. No. 3,335,169, catalysts com 
posed of oxides of iron, antimony, vanadium, molybde 
num, tungsten and tellurium described in U.S. Pat. No. 
3,668,147, catalysts composed of oxides of molybde 
num, tellurium, antimony, cobalt and phosphorus de 
scribed in Japanese Patent Application (OPI) No. 
141724/79 (the term “OPI” as used herein refers to a 
published unexamined Japanese patent application), 
catalysts composed of oxides of tellurium, molybdenum 
and tungsten, vanadium, chromium, manganese, iron, 
cobalt, nickel, zinc, tin or bismuth, etc. described in 
Japanese Patent Publication No. 16971/80, and cata 
lysts composed of oxides of tin, antimony, copper, iron 
and tellurium, etc. described in British Pat. No. 
1,595,008 are useful for an oxidation, ammoxidation or 
oxidative dehydrogenation reaction of organic com 
pounds. For example, acrolein (or methacrolein) is 
formed by an oxidation reaction of propylene (or isobu 
tene) and acrylonitrile (or methacrylonitrile) is formed 
by an ammoxidation reaction. Further, butadiene is 
formed by an oxidative dehydrogenation reaction of 
butene-l or butene-Z. 

In the oxidation, ammoxidation or oxidative dehydro 
genation reaction of organic compounds, the activity of 
the catalyst is often observed to deteriorate after use for 
a long period of time, though the degree thereof varies 
with the kind of the catalyst or the condition for using 
it. 
Such deterioration of the activity arises from various 

causes, and a counterplan has been studied from various 
angles. ‘ 

Such a phenomenon sometimes occurs in tellurium 
containing metal oxide catalysts, and the tellurium con 
tent in the catalysts sometimes is reduced together with 
a deterioration of the activity. It is supposed that the 
catalyst is subjected to irreversible reduction during the 
reaction and, consequently, tellurium is lost as elemen 
tal tellurium, organic tellurium compounds or tellurium 
hydroxides, etc. which have a comparatively high va 
pour pressure. However, the cause is not always obvi 
ous, because there are many cases that the deterioration 
of activity is not directly related to the decrease in 
tellurium content. 
Whether the cause is obvious or not, it is important 

from the viewpoint of practical use to develop catalysts 
where deterioration occurs with dif?culty, to establish a 

10 

20 

25 

30 

35 

45 

50 

55 

65 

2 
process by which the catalyst is deteriorated with diffi 
culty, and to regenerate the deteriorated catalysts. 
Although various processes have been proposed as 

processes for regenerating deteriorated catalysts, with 
all of them the processing is carried out after the cata 
lyst is taken out of the reactor. Examples of them in 
clude a process for regenerating tellurium containing 
antimony oxide catalysts described in U.S. Pat. No. 
4,049,575, a process for regenerating tellurium contain 
ing iron-antimony oxide catalyst described in U.S. Pat. 
No. 4,208,303 and a process for regenerating tellurium 
containing antimony compound oxide catalysts de 
scribed in Japanese Patent Application No. 67862/80 
(EPC Patent Application No. 0040950), etc. 

In regenerating the deteriorated catalyst by these 
processes, the catalyst must be taken out after the reac 
tion is stopped and, consequently, this causes a large 
economical loss due to production interruptions. 

If the catalytic activity of the catalyst can be restored 
while the reaction is being carried out or without taking 
the catalyst out of the reactor even if the reaction is 
stopped, it would be very advantageous. 
As to this, U.S. Pat. No. 3,882,159 discloses a process 

for regenerating catalysts which comprises contacting 
in situ a molybdenum containing ?uidized-bed catalyst 
which has become deteriorated during an ammoxida 
tion reaction of propylene with ?uidized-bed particles 
composed of a substantially inactive carrier and molyb 
denum oxide at the reaction temperature. This U.S. 
Patent is concerned with only regeneration of a molyb 
denum containing ?uidized-bed catalyst, wherein mo 
lybdenum oxide supported on an insert carrier is simply 
used as the regenerating agent. The above described 
U.S. Patent does not disclose a process for improving 
the activity of tellurium containing metal oxide cata 
lysts. 

U.S. Pat. No. 3,236,782 discloses a process for regen 
erating metal oxide catalysts containing at least Cr, V, 
M0 or W which comprises contacting the catalyst with 
a vapour of a compound of the same metal as that pres 
ent in the catalyst. The process disclosed in this U.S. 
Patent requires a complicated operation in that the 
catalyst component is introduced as a vapour into the 
reaction system. Further, this U.S. Patent does not dis 
close a process for improving the activity of tellurium 
containing metal oxide catalysts. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve the 
above described problems for a tellurium containing 
metal oxide catalyst, and the present invention is at 
tained by contacting the tellurium containing metal 
oxide catalyst with a tellurium component in a gaseous 
phase from a tellurium source. 

Accordingly, this invention provides a process for 
improving the activityof tellurium containing metal 
oxide catalysts comprising heating the tellurium con 
taining metal oxide catalyst and a tellurium containing 
solid in a gaseous atmosphere at a temperature up to 
about 900° C. 

In a preferred embodiment, an object of the present 
invention is to solve the above described problems for 
tellurium containing metal oxide catalysts, which com 
prises contacting the tellurium containing metal oxide 
catalyst with tellurium and molybdenum components in 
a gaseous phase from a tellurium-molybdenum source 
during use of the catalyst. 
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Accordingly, a preferred embodiment of the present 
invention provides a process for improving the activity 
of tellurium containing metal oxide catalysts comprising 
contacting a tellurium containing catalyst used for an 
oxidation, ammoxidation or oxidative dehydrogenation 
reaction of organic compounds with both of (a) tellu 
rium or a tellurium compound and (b) a molybdenum 
compound, during use of the catalyst in the reaction 
system. 
While not desiring to be bound the above described 

component (a) and component (b) may be present as a 
tellurium containing solid and a molybdenum contain 
ing solid, respectively, or as a tellurium-molybdenum 
containing solid together. Detailed embodiments of 
these components (a) and (b) are described hereinafter. 
According to the present invention, reduction in the 

selectivity of the tellurium containing metal oxide cata 
lyst for the desired product and that of the reaction rate 
due to the passage of time can be prevented simulta 
neously or improvement in selectivity of the deterio 
rated catalyst and in the reaction rate can be carried out 
simultaneously. 
The process of the present invention can be very 

easily applied to a catalyst used for a ?uidized-bed reac 
tion. Further, surprisingly the process of the present 
invention is effective for fresh catalysts. Accordingly, it 
is clear the process of the present invention is more than 
merely a process for regenerating catalysts. 

Tellurium or a tellurium compound (a) and a molyb 
denum compound (b) as an optional but suitable compo 
nent can be easily added to the reaction, if they are solid 
and have suitable properties, as hereinafter described. 

In the fluidized-bed reaction, removal of a portion of 
the catalyst or adding the catalyst during the reaction 
can be easily carried out continuously or intermittently. 
Since these operations are always industrially carried 
out, the present invention can be practiced in the con 
ventional manner. 
The present invention does not result in losses due to 

production interruptions, because it can be practiced 
while the reaction is conducted, which is different from 
many known processs for regenerating catalysts. 
When the catalyst and the activity improving agent 

(the above described component (a) or both of the com 
ponent (a) and the component (b)) are physically mixed 
in a dry condition prior to initiation of the reaction and, 
thereafter, the resulting dry mixture is used for the 
reaction, an improvement in the activity is similarly 
observed, too. Further, when the processing by the 
present invention is carried out for a catalyst removed 
from the reactor, the activity is similarly improved. 
Such a process is also within the scope of the present 
invention. 
Though the mechanism of the present invention is not 

at presently completely clear, it is supposed that the 
tellurium component poisons active sites on the catalyst 
participating in formation of by-products such as car 
bon dioxide or carbon monoxide, etc. under the reacting 
condition to control the formation thereof, by which 
the selectivity for the desired products is improved, and 
that the molybdenum component, if it is present in the 
activity improving agent, migrates and deposits on the 
catalyst to restore the active sites or to produce fresh 
active sites advantageous for formation of the desired 
product in cooperation with the tellurium component, 
by which the reaction rate is increased. In case of using 
(a) tellurium or a tellurium compound or using compo 
nent (a) and (b) a molybdenum compound according to 
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4 
the present invention, the time required for exhibiting 
the effect is generally short. Even in case of using them 
in a solid condition, the effect can be clearly seen within 
1 to 2 hours in many cases. Further, duration of the 
effect is excellent. Accordingly, migration of the tellu 
rium component from the tellurium containing solid or 
migration of the tellurium component and the molybde 
num component from the tellurium-molybdenum con 
taining solid (or the tellurium containing solid and the 
molybdenum containing solid) is carried at a compara 
tively high migration rate. Further, it is believed that 
the tellurium component or the tellurium and molybde 
num components deposited on the catalyst have high 
af?nity to the catalyst components by which the tellu 
rium component or the tellurium and molybdenum 
components once reacted with the catalyst are not eas 
ily separated. 

In case of using (a) tellurium or a tellurium compound 
and (b) a molybdenum compound, in a solid condition, 
the mechanism of migration thereof to the catalyst is not 
always clear. In this case, it has been believed that the 
solid components (a) and (b) move to and deposit on the 
catalyst in a form which has a comparatively high va 
pour pressure, such as elemental tellurium, organic 
tellurium compounds, tellurium hydroxides, organic 
molybdenum compounds and molybdenum hydroxides, 
etc. and, particularly, in the case of using the catalyst in 
a ?uidized-bed reaction, there is the possibility that the 
migration is carried out by physical contact of the activ» 
ity improving agent with the catalyst. 

This mechanism is based on speculation and details 
thereof are not suf?ciently clear, yet. Therefore, means 
for attaining the object of the present invention which 
comprises carrying out the reaction while contacting 
the catalyst with (a) tellurium or a tellurium compound 
and, if desired, (b) a molybdenum compound should be 
understood from the above. 

DETAILED DESCRIPTION OF THE 
INVENTION 

(A) Tellurium-Containing Metal Oxide Catalyst: 
It is particularly preferred for the tellurium contain 

ing catalysts for the present invention to be those used 
for production of unsaturated aldehydes, unsaturated 
nitriles, hydrogen cyanide, aromatic aldehydes and 
aromatic nitriles by an oxidation, ammoxidation or oxi 
dative dehydrogenation reaction of organic com 
pounds. 
As the tellurium containing metal oxide catalysts, 

various kinds of catalysts are known already, as de 
scribed above. 
The process of the present invention can be equally 

applied to these known tellurium containing metal 
oxide catalysts and, particularly, it is appropraite for a 
tellurium containing metal oxide catalyst containing (A) 
tellurium and (B) at least one element selected from the 
group consisting of antimony, molybdenum and vana 
dium. 
A preferred catalyst composition is represented by 

the following empirical formula: 

AaTebCcDdEL-Ox 

wherein A represents at least one element selected from 
the group consisting of Sb, Mo and V, Te represents 
tellurium, C represents at least one element selected 
from the group consisting of B, P, As, Bi, 8 and Se, 
preferably B, P and Bi, D represents at least one element 
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selected from the group consisting of Li, Na, K, Rb, Cs 
and T1, preferably Li, Na, K, Rb, and Cs, E represents 
at least one member selected from the group consisting 
of Mg, Ca, Sr, Ba, Y, La, Ce, U, Ti, Zr, Nb, Ta, Cr, W, 
Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Zn, 
Cd, Al, Ga, In, Ge, Sn and Pb, preferably Mg, Ca, Y, 
La, Ce, U, Ti, Zr, Nb, Ta, Cr, W, Mn, Fe, Co, Ni, Pd, 
Cu, Ag, Zn, Cd, Al, Ga, In, Ge, Sn and Pb, and 0 
represents oxygen; and a, b, c, d, e and x each represents 
the atomic ratio of the elements in the formula for 
which they are subscripts, whwerein for a= l0, b=0.0l 
to 5 (preferably, 0.05 to 3), c=0 to 10 (preferably, 0.005 
to 8), d=0 to 5 (preferably, 0 to 3), e=0 to 60 (prefera 
bly, 0.1 to 50) and x is the number of oxygen corre 
sponding to the oxides formed by combining the above 
described components. The above described tellurium 
containing metal oxide catalyst in the present invention 
may be supported on a carrier. For example, silica, 
silica-alumina, alumina, silica-titania, titania or the like 
may be employed as the carrier. 
The tellurium containing metal oxide catalysts for the 

present invention preferably have a form for use in a 
?uidized-bed reaction. Fluidized-bed catalysts prefera 
bly have a particle size ranging from about 5 to 200 
microns. It is easy to apply the process of the present 
invention during the ?uidized-bed reaction and the 
effect is great. 

Reactions and, particularly, ?uidized-bed reactions 
carried out using such tellurium containing metal oxide 
catalysts are mainly utilized for production of unsatu 
rated aldehydes, unsaturated acids, unsaturated nitriles, 
aromatic aldehydes, aromatic nitriles, alkenylbenzenes, 
heterocyclic aldehydes, heterocyclic nitriles and diole 
?ns by oxidation, ammoxidation and oxidative dehydro 
genation reactions of organic compounds. 
(B) Tellurium-Containing Solid (Activity Improving 

Agent): 
The tellurium containing solid is the activity improv 

ing agent used in the present invention, namely, (a) 

20 

25 

35 

elemental tellurium or a tellurium compound and, if 40 
desired, (b) a molybdenum compound, and various 
kinds of substances can be used. In preferred embodi 
ments of the present invention, since the catalyst to be 
processed for improving the activity thereof is that for 
a ?uidized-bed reaction and the processing is carried 
out while conducting the ?uidized-bed reaction, it is 
preferred for the activity improving agent to be parti 
cles capable of being ?uidized under the reaction condi 
tions where such is solid; In case of using a ?nely 
divided granular activity improving agent, it is desired 
for these ?nely-divided particles to be carefully intro 
duced from a lower portion of the ?uidized-bed reactor 
so as to disperse throughout the catalyst bed. 
(1) Kind of Agent and Production Thereof 
Examples of the activity improving agent of the pres 

ent invention include tellurium, hydrogen telluride, 
tellurium monoxide, tellurium dioxide, tellurium triox 
ide, tellurous acid, telluric acid and organic tellurium 
compounds (for example, methanetellurol, ethanetel 
lurol, propanetellurol, butanetellurol, dimethyl tellu 
ride, diethyl telluride, dipropyl telluride, dimethyl tel~ 
luroxide, etc.), tellurium halides, those supported on an 
inert carrier such as silica, alumina, silica-alumina, tita 
nia, silica-titania or zirconia, etc., and tellurium contain 
ing metal oxide catalysts enriched with tellurium. 

Tellurium metal, hydrogen telluride, tellurium diox 
ide, tellurium trioxide, tellurous acid, telluric acid and 
organic tellurium compounds, tellurium halides, etc. are 
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6 
commercially available or can be prepared from various 
tellurium sources using known methods. 

In case of using the tellurium component where such 
is supported on various carriers, various means can be 
utilized for supporting. For example, tellurium metal, 
tellurium dioxide, tellurium trioxide, tellurous acid, 
telluric acid, tellurium nitrate, basic tellurium nitrate, 
tellurium halide, tellurium sulfate and organic tellurium 
compounds, etc. can be used as a tellurium source, 
which are mixed with a carrier material such as silica, 
sol, alumina sol or titania sol, etc., followed by spray 
drying; or a carrier previously prepared is immersed in 
or mixed with a solution prepared by dissolving the 
above described tellurium source. Further, in case of 
using a tellurium¢enriched ?uidized-bed catalyst for this 
purpose, known processes for producing catalyst can be 
suitably used. Moreover, a catalyst prepared using a 
known suitable process may be immersed in or mixed 
with a solution containing the tellurium source directly 
or after use for the reaction, followed by drying and 
calcining. 
The calcination preferably is conducted at a tempera 

ture of from about 200° C. to 900° C. for about 0.5 to 50 
hours. 
Examples of molybdenum compounds include mo 

lybdenum dioxide, molybdenum trioxide, molybdic 
acid, ammonium paramolybdate, ammonium phos 
phomolybdate and phosphomolybdic acid, and those 
supported on an inert carrier as described above, and 
molybdenum enriched metal oxide catalysts. 

Preparations of the molybdenum containing solid can 
be carried out using the same processes as in the case of 
preparation of the above described tellurium containing 
solid. 
The tellurium-molybdenum containing solid differs 

only because the tellurium component and the molyb 
denum component are present at the same time. Known 
suitable processes can be used, for example, a process 
which comprises blending the above described tellu 
rium source and the molybdenum source and molding 
the resulting mixture, a process which comprises blend 
ing both of the above described sources with a carrier 
component and molding the resulting mixture, and a 
process for producing ?uid catalysts enriched with both 
of tellurium and molybdenum, etc. 
The tellurium containing solid, the molybdenum con 

taining solid and the tellurium-molybdenum containing 
solid may contain, if desired, other elements in addition 
to tellurium and/or molybdenum. Namely, they may 
contain at least one element selected from the group 
consisting of an alkali metal, an alkaline earth metal, 
lanthanum, cerium, vanadium, niobium, chromium, 
tungsten, manganese, iron, cobalt, nickel, copper, zinc, 
cadmium, titanium, boron, aluminum, gallium, germa 
nium, tin, lead, phosphorus, arsenic, antimony, bismuth, 
sulfur and selenium. If the activity improving agent is 
active and the reaction rate is equal to or slightly lower 
than that of the catalyst when the reaction is carried out 
in the presence of only the activity improving agent, a 
positive effect is observed when the amount of addition 
is not in excess (for example, about 50% or more), even 
though the selectivity to the desired product is some 
what inferior. In case of using the catalyst enriched 
with tellurium and molybdenum for the purpose of the 
present invention, the mixing ratio is not strictly limited, 
if the reaction rate thereof and selectivity to the desired 
product are not greatly different from those of the cata 
lyst used. 
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These various elements such as the above described 
alkali metals or the like can be used for controlling the 
migration rate of the tellurium component and/or mo 
lybdenum component to the catalyst. Further, these 
elements can be used for controlling the physical prop 
erties of the activity improving agent. 
The mixing ratio in the activity improving agent 

should be selected taking into consideration the above 
described factors. 
(2) Tellurium Content and Molybdenum Content of 

Agent: 
Since it is believed that the tellurium component and 

the molybdenum component exhibit the effect directly 
or after conversion into volatile compounds, the effect 
decreases, if the amounts of the tellurium component 
and the molybdenum component are too small. Particu 
larly, in case of using tellurium and molybdenum sup 
ported on an inert carrier or using a catalyst enriched 
with these components, these tellurium- and/or molyb 
denum-containing solids should be sometimes added in 
a large amount when the tellurium content and/or the 
molybdenum content thereof is too small. 
However, since they are not the catalyst itself for the 

desired reaction, the catalyst is sometimes diluted by 
them. Consequently, the volume of the reactor becomes 
insuf?cient for sufficiently carrying out the reaction. 

Accordingly, it is preferred for the tellurium content 
in the tellurium containing solid, the molybdenum con 
taining solid or the tellurium-molybdenum containing 
solid to be about 0.5% by weight or more and prefera 
bly about 1.0% by weight or more, and the molybde 
num content thereof is about 0.1% by weight or more 
and preferably 0.5% by weight or more. 

It is preferred for the ratio of molybdenum/tellurium 
(atomic ratio) in the tellurium containing solid and the 
molybdenum containing solid or the tellurium-molyb 
denum containing solid to be mixed with the catalyst to 
be about 0.05:1 to 10:1. 
(3) Form of Agent: 

In case of using (a) tellurium or a tellurium compound 
and (b) a molybdenum compound as they are, they may 
be introduced into the reactor as a powder or they may 
be physically blended with the catalyst in a dry condi 
tion and thereafter added to the reaction system. 

In case of using the tellurium component and the 
molybdenum component as a solid, the properties of 
these components are important. 

In case of a ?xed bed reaction, strength is important. 
Namely, powdering and simultaneous volatilization of 
the tellurium component or the molybdenum compo 
nent should be prevented because a pressure drop of the 
reacting gas in the catalyst bed is increased. In case a 
?uidized-bed reaction is intended to be used, it is pre 
ferred the activity improving agent to be fluidized so as 
for the agent can be well mixed with the catalyst. Fur 
ther, in order for the tellurium component and the mo 
lybdenum component to be effectively used, the activ 
ity improving agent should be present in the reactor for 
the time necessary to be suf?ciently mixed with the 
catalyst. 

Accordingly, in case of use for a ?uidized-bed reac 
tion, it is preferred for the particle size of the activity 
improving agent to be comparatively similar to that of 
the catalyst and the value of (bulk density of the activity 
improving agent)/(bulk density of the catalyst) to be in 
a range of about 0.05:1 to 8:1 and preferably a range of 
0.2:1 to 6:1. Further, it is preferred for the fluidized-bed 
catalyst, in carrying out the present invention, to have a 

20 

25 

30 

40 

45 

50 

55 

60 

65 

8 
bulk density of about 0.1 to 3 (g/ml) and a particle size 
of about 5 to 200 microns. 
(4) Production of Agent by Impregnation Processes: 
The kinds of tellurium containing solid as the activity 

improving agent used in the present invention and the 
production thereof have been summarized in (1) above. 
Among the processes for production, impregnation 
processes, particularly, a process for forming a telluri 
um-enriched or tellurium-molybdenum-enriched solid 
which comprises impregnating a metal oxide catalyst 
(fresh catalyst or deteriorated catalyst) with a tellurium 
component of a tellurium component and a molybde 
num component, are particularly advantageous pro 
cesses for obtaining the activity improving agents of the 
present invention. The reasons thereof are (l) in the 
thus resulting activity improving agent, nearly 100% of 
the tellurium component of the tellurium and molybde 
num components added by impregnation rapidly vapor 
ize (within several hours) and they are effectively 
caught by the tellurium containing metal oxide catalyst 
to be processed to improve its activity, (2) the activity 
improving agent from which the tellurium component 
or the tellurium and molybdenum components added by 
impregnation are removed by vaporization has proper 
ties and activity which are near those of the catalyst to 
be processed and, consequently, adverse influence upon 
the reaction after conclusion of its function for improv 
ing the activity does not arise, (3) the production is 
easily carried out because catalysts previously prepared 
are used, and (4) application to the reaction system is 
easily carried out and mixing during the reaction is 
smoothly carried out, because physical properties of the 
activity improving agent are similar to those of the 
catalyst used for the reaction (catalyst to be processed). 
The production of the activity improving agent by 

the impregnation process is illustrated in greater detail 
below. 

In case of producing a powder of the tellurium con 
taining solid according to the present invention by im 
pregnating an inert carrier or a metal oxide catalyst 
with the tellurium component, drying and calcining, a 
process described in, for example, U.S. Pat. No. 
4,049,575, etc. may be used. However, in the present 
invention, it is not necessary for the tellurium compo 
nent to form a solid solution with the crystal phase 
composing the catalyst, in case of, for example, impreg 
nating an antimony type metal oxide catalyst with the 
tellurium component. 

In carrying out impregnation of the carrier (which 
includes the form of catalyst, hereinafter) with the tellu 
rium component, an impregnating solution containing 
the tellurium component is preferably carried out using 
any of the following processes: 
(1) Oxidation of tellurium metal by nitric acid, 
(2) Dissolution of tellurium dioxide or tellurous acid in 

nitric acid, 
(3) Dissolution of telluric acid in water or nitric acid, 
(4) Oxidation of tellurium metal by hydrogen peroxide 

in the presence of ions and/or a compound selected 
from the group consisting of 
(a) Ammonium ion 
(b) Alkali metal ion 
(0) Oxides, oxyacids, salts of oxyacids, heteropolya 

cids and salts of heteropolyacids of at least one 
metal selected from the group consisting of vana 
dium, molybdenum and tungsten, 

(5) Oxidation of tellurium metal by hydrogen peroxide 
‘in the presence of nitric acid, 
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(6) Oxidation by hydrogen peroxide in the presence of 

iron ion after oxidation of tellurium metal by nitric 
acid is carried out. 
The tellurium containing solid used in the present 

invention is obtained by impregnating the carrier with 
the above described solution alone or a mixture of the 
solution with small amounts of other components, and 
drying or thereafter calcining. The calcination tempera 
ture in this case is from a comparatively low tempera 
ture such that moisture is removed to about 900° C. or 
less, and preferably 850° C. or less. 

Preparation of the impregnating solution used for 
producing the tellurium-molybdenum enriched catalyst, 
namely, the activity improving agent of the present 
invention, by impregnating a tellurium containing metal 
oxide catalyst with a tellurium component and a molyb 
denum component is preferably carried out using any of 
the following processes (this impregnating solution can 
be used, of course, for impregnation of the inert carrier). 
(1) At least one member selected from the group con 

sisting of tellurium metal, tellurium monoxide, tellu 
rium dioxide, tellurous acid, tellurium trioxide, and 
telluric acid and at least one member selected from 
the group consisting of molybdenum metal, molybde 
num dioxide, molybdenum trioxide, ammonium 
metamolybdate, ammonium paramolybdate, phos 
phomolybdic acid, silicomolybdic acid, and bromo 
lybdic acid are dissolved in water or nitric acid. 

(2) Telluric acid and at least one member selected from 
the group consisting of oxyacids, salts of oxyacids, 
heteropoly-acids or salts thereof of molybdenum are 
dissolved in water or nitric acid. 

(3) Tellurium metal is dissolved in hydrogen peroxide in 
the presence of the oxide, oxyacid, salts of oxyacids, 
heteropoly-acids, or salts thereof of molybdenum. 
In order to produce an impregnating solution having 

a high concentration, the processes (2) and (3) described 
above are particularly preferred. 
The base catalyst is impregnated with the thus result 

ing impregnating solution. The base catalyst is a fresh 
or a spent or deteriorated ?uidized-bed catalyst, which 
preferably has a particle size of about 5 to 200p. and a 
pore volume of about 0.1 to 0.8 ml/ g. It is preferred for 
the composition of the base catalyst to be substantially 
the same as that of the catalyst to be processed in a fresh 
state, but the compositions may be considerably differ 
ent from each other. Impregnation is carried out by 
adding the impregnating solution in an amount of about 
0.7 to 1.3 times of pore volume of the base catalyst and 
mixed with the catalyst. After drying, it is heat-treated 
at a temperature of from about 200° C. to about 600° C. 
If desired, impregnation can be carried out several 
times. 
Processing for Improving Activity: 
The processing for improving the activity of the 

tellurium containing metal oxide catalyst according to 
the present invention is carried out by heating the cata 
lyst and the above described tellurium containing solid 
to a temperature up to about 900° C. in a gaseous atmo 
sphere. It is preferred for the catalyst to be processed 
and the tellurium containing solid to be in a ?uidized 
state together. In such a case, it is most preferred for the 
?uidized state of the catalyst to be achieved by carrying 
out the desired ?uidized bed reaction by the catalyst. In 
such an embodiment, the present invention can be car 
ried out without stopping the ?uidized-bed reaction. 
The process of the present invention can also be ap 

plied to the case where the catalyst to be processed and 

20 

25 

45 

50 

55 

60 

65 

10 
tellurium containing solid are heat-treated as a ?xed bed 
after physical blending in a dry condition. However, the 
effect of the present invention is superior in case of 
carrying out the processing under a ?uidized state using 
the ?uidized-bed catalyst. It is believed that the catalyst 
can greatly move in a ?uidized state to result in a large 
effect. 

Suitable gaseous atmospheres for carrying out heat 
ing of the catalyst to be processed and the tellurium 
containing solid (the gas is of course a ?uidizing gas 
when the present invention is carried out under a ?uid 
ized state) include inert gases or oxidative gases such as 
nitrogen, oxygen, carbon dioxide and steam, etc. and 
gas mixtures of a reducing gas such as organic com 
pounds (for example, methane, ethane, propane, ethene, 
propylene, propene, butenes, toluene, xylene, methanol, 
ethanol, iso-propanol, etc.), ammonia or carbon monox 
ide, etc. and oxygen etc. 
Although there is the situation where the gas is 

merely the atmospheric gas for heat-treatment, the gas 
becomes a reaction atmosphere for the ?uidized-bed 
reaction in case of carrying out activation of the catalyst 
by the tellurium containing solid during the desired 
?uidized-bed reaction according to the preferred em 
bodiment of the present invention. For example, a gas 
mixture composed of organic compounds (for example, 
methane, ethane, propane, ethene, propylene, propene, 
butenes, toluene, xylene, methanol, ethanol, iso 
propanol, etc), ammonia and oxygen (particularly, air) 
(and, if desired, steam) is a reaction gas in case of carry 
ing out ammoxidation of a hydrocarbon or an alcohol, 
and the above described gas mixture from which ammo 
nia is removed is a reaction gas in case of carrying out 
oxidation or oxidative dehydrogenation. 

This gaseous atmosphere should not be excessively 
reductive. Namely, in case of using reducing gases such 
as hydrocarbons, ammonia and carbon monoxide, etc., 
they can not be used alone. If the temperature is in 
creased in the presence of only these reducing gases, the 
catalyst itself is reduced to result in a deterioration of its 
activity. It is essential that these reducing gases are used 
together with oxygen. The term “reducing gas” as used 
herein means a gas having an ability to reduce the cata 
lyst. Accordingly, the reducing gases described above 
should be used sometimes as inert gases depending upon 
the temperature conditions. For example, hydrocarbons 
and other organic compounds, ammonia and carbon 
monoxide, etc. can be used as inert gases, in general, at 
less than about 300° C., because they exhibit poor re 
ducing power to catalysts for such kinds of reactions. In 
this case, copresence of oxygen is not essential. 

Ole?ns, alcohols and aldehydes are preferably used as 
the hydrocarbons and other organic compounds. The 
examples thereof include propene, butenes, toluene, 
xylene, methanol, ethanol, formaldehyde, acetaldehyde, 
etc. Saturated hydrocarbons such as methane, propane, 
butanes, etc. rather are within the category of inert gas 
to the catalysts for these kinds of reactions. 
These reducing gases may be used as a mixture pre 

pared by mixing two or more of the gases in the pres 
ence of oxygen or may be used as a mixture prepared by 
mixing the gases with inert gases. 

It-is preferred for the tellurium containing solid to be 
added to the catalyst to be processed in an amount of 
about 0.01% by weight or more and, preferably, 0.05 to 
30% by weight. Within this range, the objects of the 
present invention can be attained without adversely 
in?uencing the activity of the catalyst. When a tellu 
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rium containing solid having a high tellurium content is 
used, the amount thereof may be comparatively small. 
When a tellurium containing solid having a low tellu 
rium content is used, the amount thereof may be com 
paratively large. As described above, the tellurium en 
riched catalyst can be used as a mixture in a suitable 
ratio when it is used as the tellurium containing solid, 
provided that it has an abnormal activity. 

Activation is carried out at a processing temperature 
of about 900° C. or less. If it is beyond about 900° C., 
quality of the catalyst itself changes due to sintering or 
crystallization, etc. A comparatively high temperature 
is used in the presence of an inert gas such as nitrogen, 
oxygen, carbon dioxide or steam, and a comparatively 
low temperature is used in the presence of a reducing 
gas such as hydrocarbons and other organic com 
pounds, ammonia or carbon monoxide, etc. 

Further, in case that tellurium in the tellurium con 
taining solid is in a state having a comparatively high 
vapour pressure such as elemental tellurium or organic 
tellurium compounds, etc. or the tellurium containing 
solid contains such substances, the processing can be 
effectively carried out at a low temperature for a short 
time regardless of the kind of gases. However, in case 
that such a processing is carried out for the catalyst 
according to a preferred embodiment of the present 
invention while conducting the desired ?uidized-bed 
reaction, attention must be paid to the processing tem 
perature, because slightly adverse effects such as reduc 
tion of the reaction rate, etc. occur when the processing 
temperature is too high. 
When steam is used as the gaseous atmosphere, atten 

tion must be paid to the processing temperature, be 
cause the activity of the catalyst sometimes deteriorates 
due to sintering, if the temperature is higher than about 
700° C. 
Although the lower limit of the processing tempera 

ture can not be determined de?nitely, it is generally 
about 200° C. or so. 

Since the processing conditions (temperature and 
time) of the present invention varies according to the 
tellurium containing solid to be used and the gas to be 
used, optimum conditions can be easily determined 
experimentally based on a combination thereof. Fur 
ther, in case of practicing the present invention while 
conducting the objective reaction, the conditions used 
may be the same as those which are conventionally used 
for an oxidation, ammoxidation or oxidative dehydro 
genation reaction of organic compounds. 

In a particularly preferred embodiment of the present 
invention, the activation processing is carried out by 
contacting the tellurium containing metal oxide catalyst 
with (a) tellurium or a tellurium compound and (b) a 
molybdenum compound during conducting an oxida 
tion, ammoxidation of oxidative dehydrogenation reac 

, tion of organic compounds. It is preferred for the cata 
lyst to be processed to be contacted with the activity 
improving agent under ?uidized-ebed reaction condi 
tions. 
As described above, the process of the present inven 

tion can be used for ?xed-bed reactions by physically 
blending the catalyst to be processed with the activity 
improving agent in a dry condition, too. However, the 
effect of improving the activity is particularly high in 
case of carrying out the processing while conducting 
the reaction in a ?uidized state using a fluidized-bed 
catalyst. It is believed that, since movement of the activ 
ity improving agent is quick as well as movement of the 
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12 
catalyst, migration of the tellurium component and the 
molybdenum component to the catalyst is uniformly 
carried out to result in a good effect. 

In case that the activity improving agent is solid, it is 
preferred for the total amount of the tellurium contain 
ing solid and the molybdenum containing solid or the 
amount of the tellurium-molybdenum containing solid 
to be about 0.01% to 50% by weight based on the tellu 
rium containing metal oxide catalyst. If the amount 
thereof is lower than about 0.01% by weight, the effect 
is very poor and duration of the effect deteriorates in a 
short time. With respect to the upper limit of the 
amount, the upper limit is similar to those cases de 
scribed in the above described section “Kind of the 
Agent and Production Thereof" for the activity im 
proving agent. 
The effect of the activity improving agent is exhibited 

by migration of the tellurium component and the mo 
lybdenum component to the catalyst. Accordingly, 
from this standpoint, it is preferred for the apparent 
increment of tellurium content in the catalyst resulting 
from physically blending the catalyst with the activity 
improving agent to be about 0.001% to 15% by weight 
and, preferably, 0.01 to 10% by weight, and the appar 
ent increment of molybdenum therein is about 0.002 to 
10% by weight and, preferably, 0.01 to 5% by weight. 
The apparent increment of tellurium content and the 

apparent increment of molybdenum content are de?ned 
as follows. 

Apparent Increment of Tellurium Content (%) = 

Weight of Tellurium in Activity 
Improving Agent Added (g! X 100 

Total Weight of Catalyst Packed (g) 

Apparent Increment of Molybdenum Content (%) = 

Weight of Molybdenum in Activity 
Im rovin A ent Added 

Total Weight of Catalyst Packed (g) >< 100 

A preferred amount of the activity improving agent 
added depends upon the properties of the activity im 
proving agent. In case of a high migration rate of the 
tellurium component and the molybdenum component, 
the activity improving agent is sufficient if used in an 
amount calculated from the desired tellurium and mo 
lybdenum contents. In case of a low migration rate of 
the components, the activity improving agent is prefera 
bly used in a slightly larger amount. 
The activity improving agent may be physically 

blended with the catalyst in a dry condition prior to 
initiation of the reaction or it may be added during the 
reaction, alone or as a mixture prepared by physically 
blending the agent with the catalyst in a dry condition. 
In case of the ?uidized-bed reaction, since the catalyst 
can be safely removed and added while conducting the 
reaction, no problems in case of using the solid activity 
improving agent arise. 

Addition of the activity improving agent can be car 
ried out several times by observing the conditions of the 
reaction. 
Although it is not necessary to contact the catalyst 

with the tellurium component together with the molyb 
denum component, the catalyst may be ?rst contacted 
with the tellurium component and thereafter contacted 
with the molybdenum component or the reverse opera 
tion thereof may be carried out. However, it is prefera 
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ble, if possible, to avoid the ?rst addition of only the 
molybdenum component, because the selectivity for the 
desired product temporarily decreases by addition of 
only the molybdenum component at the beginning. 
When only elemental tellurium or the tellurium com 

pound is physically blended with the catalyst in a dry 
condition, the selectivity for the desired product is ef 
fectively improved, but the reaction rate hardly varies 
or sometimes slightly decreases. 
On the other hand, when only the molybdenum com 

pound is physically blended with the catalyst in a dry 
condition, the selectivity for by-products is often in 
creased and, consequently, the selectivity for the de 
sired product often decreases. 
As described above, although the addition of the 

activity improving agent may be carried out using vari 
ous techniques, it is preferred for the tellurium compo 
nent and the molybdenum component to be added to 
gether. 
The condition for carrying out the present invention 

preferably are the same as that conventionally used for 
the oxidation, ammoxidation or oxidative dehydrogena 
tion reaction of organic compounds. 
Namely, the molar ratio of the feed gas is in a range 

of about 1:0.3 to 10:0 to 5 as organic compound: ox 
ygen:ammonia (molar ratio), i.e., oxygenzorganic com 
pound=0.3:l to 10:1 and ammoniazorganic com 
pound=0:l to 5:1, and the reaction temperature is in a 
range of about 300° to 600° C. The reaction pressure 
used is in a range of atmospheric pressure to about 3 
kg/cm2 G or so. The feed gas may be used diluted with 
nitrogen, steam, carbon dioxide, carbon monoxide or 
helium, etc. 
The effects of the present invention are illustrated 

below by reference to examples and comparative exam 
ples. 
The yield of the desired product and the selectivity 

for the desired product are de?ned herein as follows. 

Weight of Carbon in Formed 
Desired Product 

Weight of Carbon in Organic Compound 
Fed as Starting Material 

Yield (%) = X 100 

Weight of Carbon in Formed 
Desired Product 

Weight of Carbon in Organic 
Compound Reacted 

Selectivity (%) = X 100 

The Activity Test was conducted as follows. 
(1) Ammoxidation Reaction of Propylene 
A fluidized-bed reactor having a fluidized catalyst 

portion of an inner diameter of 5 cm (2 inches) and a 
height of 2 m was packed with a catalyst in an amount 
suitably in a range of 1200 g to 1800 g. Into this reactor, 
a gas having the following composition was introduced 
to result in an apparent linear velocity of 15 cm/sec. 
The reaction pressure was atmospheric. - 

02' (introduced as air)/ Propylene: 2.10 (molar ratio) 
NHg/Propylene: 1.15 (molar ratio) 
The contact time is de?ned as follows. 

. _ Volume of Catalyst Packed (1!‘ 
Contact Time _ Flow Rate of Feed Gas (l/sec) 

‘On the basis of apparent bulk density of the catalyst. 

(sec) 

(2) Ammoxidation Reaction of Methanol 
The same reactor as that used for the above described 

ammoxidation of propylene was used. 
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Into this reactor, a gas having the following composi 

tion was introduced so as to result in an apparent linear 
velocity of 15 (cm/sec). The reaction pressure was 
atmospheric. 

0; (supplied as air)/methanol 2.10 (molar ratio) 
Nth/methanol 1.20 (molar ratio) 
HzO/methanol 2.00 (molar ratio) 
Nz/methanol 5.00 (molar ratio) 

The de?nition of contact time is the same as described 
above. 
(3) Oxidative Dehydrogenation Reaction of Butene 
A ?xed-bed reactor having an inner diameter of 16 

mm and a length of 500 mm was packed with 30 ml of 
a catalyst. It is heated by a molten salt bath composed of 
an equivalent mixture by weight of sodium nitrite and 
potassium nitrate. Into this reactor, a gas having the 
following composition was introdudced in a rate of 7.5 
l (NTP) per hour. The reaction pressure was atmo 
spheric. 

Air/Butene- l :5 (molar ratio) 
Water/Butene-1:1.5 (molar ratio) 
Further, unless otherwise indicated, all parts, per 

cents, ratios and the like are by weight. 

EXAMPLE 1 

A ?uidized-bed catalyst having the empirical formula 
Fe10Sb25WQ25TC1_()O67,8(Si02)30 was used in an ammox 
idation reaction of propylene. 
During the reaction, the activity deteriorated due to 

a reduction of the molar ratio (oxygen/propylene). 
Namely, the yield of acrylonitrile fell from 80.3% in 

the initial stage to 78.6%. 
10% of this catalyst was removed and substituted 

with a tellurium enriched catalyst previously prepared. 
Using the resulting mixture of the tellurium contain 

ing catalyst and the tellurium containing solid, an am 
moxidation reaction of propylene was carried out ac 
cording to the condition (1) described above to activity 
test. As a result, the yield of acrylonitrile was improved 
and it became 80.1% after 3 hours. Thereafter the reac 
tion was continued for 5 hours, but the yield remained 
at this level. 
The tellurium enriched catalyst used in this example 

was prepared as follows. 
2 kg of a ?uidized-bed catalyst having the empirical 

formula F61()Sb25WQ25Te1_()O67_8(S102)30 Of the activity 
of which had deteriorated by use for a long time was 
removed. 

15.1 g of a tellurium metal powder was added to 540 g 
g of 45% nitric acid and dissolved therein. To the result 
ing solution, 45% nitric acid was added to make 440 ml. 
The above described deteriorated catalyst was added to 
the resulting solution and blended well for about 1 hour. 
The mixture was calcined at 200° C. for 2 hours and 

thereafter at 350° C. for 4 hours. 
The tellurium content of the resulting tellurium 

enriched catalyst was 2.65% by weight. 

EXAMPLE 2 

A ?uidized-bed reactor having an inner diameter of 
20 cm (8 inches) was packed with a ?uidized-bed cata 
lyst having the empirical formula FClOSbZ?CUQjMOQZ 
5Te1,0O6g_3-(SiO2)60, and an ammoxidation reaction of 
propylene was carried out. 
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Apparent Linear Velocity of Gas 18 cm/sec 
Introduced into Reactor 
Reaction Pressure 0.5 kg/cmzG 
Molar Ratio or Feed Gas 

02 (supplied as air)/Propylene 
NI-l3/Propylene 
Reaction Temperature 

2.2 (molar ratio) 
1.1 (molar ratio) 
450“ C. 

When the reaction was carried out for 670 hours 
under the above described conditions, the acrylonitrile 
yield decreased and formation of carbon dioxide was 
increased. 

2 kg of the deteriorated catalyst was removed. A 
tellurium metal powder was added to the deteriorated 
catalyst in an amount of 0.2%. A ?uidized~bed reactor 
having an inner diameter of 5 cm (2 inches) was packed 
with the resulting mixture, and ?uidization was carried 
out by introducing nitrogen gas. The temperature was 
gradually increased and kept at 300° C. for 1 hour. 
The thus processed catalyst was utilized for the am 

moxidation reaction of propylene. Under condition (1) 
described above for activity test, though the yield of 
acrylonitrile of the deteriorated catalyst was 76.3%, 
that of the processed catalyst was 77.8%. 

EXAMPLE 3 

2 kg of the deteriorated catalyst in Example 2 was 
removed. 
To the catalyst, 10 g of a tellurium dioxide powder 

was added. A ?uidized-bed reactor having an inner 
diameter of 5 cm (2 inches) was packed with the result 
ing mixture, and tluidization was carried out by intro 
ducing a 1:1 (by volume) gas mixture of nitrogen and 
steam. The temperature was gradually increased and 
kept at 500° C. for 2 hours. 
The thus processed catalyst was used for the ammoxi 

dation reaction of propylene under condition (1) de 
scribed above for activity test. 
Although the yield of acrylonitrile of the deteriorated 

catalyst was 76.3%, that of the processed catalyst was 
78.1%. 

EXAMPLE 4 

2 kg of the deteriorated catalyst in Example 2 was 
removed. 
To the catalyst, 100 g of a powder containing 20% of 

tellurium dioxide supported on silica was added, and an 
ammoxidation reaction was carried out according to 
condition (1) described above for activity test. 
Although the yield of acrylonitrile of the deteriorated 

catalyst was 76.3%, it became 77.5% after 2 hours from 
initiation of the reaction, and it became 78.3% and 
78.2% after 5 hours and 8 hours, respectively. 
The powder of tellurium dioxide-silica used in this 

example was prepared as follows. 
160 g of a tellurium metal powder was suspended in 

1500 g of water. After adding 10 ml of 15% aqueous 
ammonia, 400 ml of 35% hydrogen peroxide solution 
was added little by little to dissolve the tellurium. , 
To the resulting solution, 2.67 kg of silica sol (SiO2 

30% by weight) was added. After adding 240 g of am 
monium nitrate, it was dried by spraying. After calcin 
ing at 200° C. for 2 hours and then at 400° C. for 2 hours, 
it was ?nally calcined at 550° C. for 4 hours. 
When it was analyzed by X-ray diffraction, TeOZ 

paratellurite was observed. 
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EXAMPLE 5 

The reaction was carried out using the same proce 
dure as in Example 4, except that the mixing ratio of 
tellurium dioxide to silica powder was 1:2. 
The yield of acrylonitrile increased to 77.1% and 

77.8% after 5 hours and 8 hours, respectively. 

EXAMPLE 6 

2 kg of the deteriorated catalyst in Example 2 was 
removed. 
To the catalyst, 100 g of a powder wherein oxides of 

tellurium and molybdenum were supported on silica 
alumina was added, and the mixture was processed at 
400° C. for 3 hours by introducing a gas mixture of 
ammonia and the air (ammonia content 9% by volume). 

Then, an ammoxidation reaction of propylene was 
carried out according to condition (1) described above 
for activity test. The yield of acrylonitrile increased to 
78.4%. 
The powder containing oxides of tellurium and mo 

lybdenum used in this example was prepared as follows. 
920 g of a fluidized-bed catalyst carrier composed of 

silica-alumina was removed. 
64 g of a tellurium metal powder was suspended in 

300 ml of water containing 9 g of ammonium paramo 
lybdate and the suspension was heated to about 95° C. 
170 ml of 35% hydrogen peroxide solution was added 
little by little to dissolve the tellurium completely. After 
the quantity of liquid was adjusted with pure water to 
make 580 ml, the above described silica-alumina cata 
lyst carrier was added thereto and blended for 1 hour 
with a blender. 

Then, the mixture was dried at 130° C. for 3 hours 
and calcined at 400° C. for 2 hours and at 500° C. for 2 
hours. 

EXAMPLE 7 

Using a catalyst having the empirical formula 
Fe10Sb25Cu3MO0_5W0_3T€1_5O73_4(SiO2)6Q, an ammoxi 
dation reaction of propylene was carried out. 

Since the molar ratio of oxygen/propylene was al 
lowed to decrease during the reaction, the catalyst dete 
riorated. As the result, the yield of acrylonitrile was 
83.2% even though the condition was returned to the 
standard condition. 
To this catalyst, a tellurium-molybdenum enriched 

catalyst was added in a mixing ratio of 7%, and the 
reaction was carried out according to condition (I) 
described above for activity test. The yield of acryloni 
trile gradually increased to become 85.0% after the 
reaction was carried out for 3 hours. 
The tellurium-molybdenum enriched catalyst used in 

this example was prepared as follows. 
1.5 kg of the deteriorated catalyst formed in Example 

2 was removed. 
13.5 g of a tellurium metal powder was added little by 

little to 45% nitric acid and dissolved therein. 
3.75 g of ammonium paramolybdate was dissolved in 

10 ml of pure water, and the resulting solution was 
added to the above described solution of tellurium ni 
trate. After the quantity of liquid was adjusted by add 
ing pure warter to make 420 ml, the deteriorated cata 
lyst was added and well blended for 1 hour with a 
blender. 

After heat treatment at 200° C. for 5 hours and at 400° 
C. for 2 hours, it was calcined at 550° C. for 4 hours. 
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EXAMPLE 8 

Using the same catalyst as in Example 7, the follow 
ing procedure was carried out. 

Since the molar ratio of oxygen/propylene was al 
lowed to decrease during the reaction, the catalyst dete 
riorated. As the result, the yield of acrylonitrile became 
82.8% even though the condition was returned to the 
standard condition. 
To this catalyst, the same tellurium-molybdenum 

enriched catalyst as that in Example 7 was added in an 
amount of 3%, and the reaction was carried out again. 
The yield of acrylonitrile gradually increased to be 

come 84.8% after the reaction was carried out for 5 
hours. 

EXAMPLE 9 

To the same catalyst as that in Example 7, a tellurium 
dioxide-silica powder prepared in Example 4 was added 

15 

in an amount of 2%, and an ammoxidation reaction of 20 
propylene was carried out according to condition (1) 
for activity test. 
The yield of acrylonitrile increased by 0.6%, but 

formation of carbon dioxide and hydrogen cyanide 
slightly decreased. 

In this example, a fresh catalyst (which was not dete 
riorated) was processed according to the present inven 
tion. Due to this processing, the selectivity for acryloni 
trile was improved, and the processed catalyst showed 
activity superior to the fresh catalyst (which was not 
deteriorated). 

COMPARATIVE EXAMPLE 1 

To the same type of catalyst as that in Example 7, a 
tellurium dioxide-silica powder prepared as in Example 
4 was added in an amount of 2%, and ?uidization was 
carried out by passing a mixed gas composed of nitro 
gen and ammonia (ammonia 10% by volume) and pro 
cessed at 450" C. for 20 minutes. 
Then, activity by an ammoxidation reaction was ex 

amined. However, the reaction could not be continued, 
because a normal reaction could not be carried out 
because of the large amount of carbon dioxide gener 
ated. 

In carrying out the processing with a reducing gas (+ 
inert gas) in the absence of oxygen, it is obvious that the 
activity was markedly deteriorated instead of im 
proved. 
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EXAMPLE 10 

A ?uidized-bed catalyst having the empirical formula 
TeojMO{OWIFCZCO3Nl2Bl1KQ1043.6(Sl02)50 was uti 
lized for an ammoxidation reaction of methanol under 
condition (2) above for activity test. 
When the reaction was carried out along with reduc 

ing the molar ratio of a feed gas (oxygen/methanol), the 
yield of hydrogen cyanide gradually reduced. Although 
the molar ratio was returned to the standard condition 
for the activity test, the yield of hydrogen cyanide 
which was 84.1% in the inital stage fell to 82.6%. 
To this deteriorated catalyst, a tellurium dioxide 

silica powder prepared as in Example 4 was added in an 
amount 0 5%, and the reaction was carried out again. 
The yield of hydrogen cyanide increased with the pas 
sage of time to become 83.9% after 3 hours. 

EXAMPLE 11 

300 g of a ?uidized-bed catalyst having the empirical 
formula Fe10Sb25W0_25Te1_()O67_g(SiO2)30 (that de 
scribed in Example 1) was removed and kneaded with 
added water. It was molded in a cylindrical form of 2 
mm><2 mm 4) and dried. 
Using this catalyst, an oxidative dehydrogenation 

reaction of butene-l was carried out under condition (3) 
for activity test. 
At a reaction temperature of 370° C. the conversion 

of butene-l was 94% and the yield of butadiene was 
82%. When the reaction was carried out by increasing 
the reaction temperature of 380° C., formation of car 
bon dioxide increased and excess oxygen became zero. 
Therefore, the reaction was stopped. Although the 
temperature was reduced to conduct the reaction again 
at 370° C., the conversion of butene-l was 91% and the 
yield of butadiene was 78%. 

This deteriorated catalyst was removed. Tellurium 
dioxide-silica pellets previously prepared (which were 
prepared by molding the powder as described in Exam 
ple 4 by the same method as that for the above de 
scribed catalyst) were added in an amount of 5% to the 
catalyst, and the reaction was carried out again. 
Three hours after the initiation of the reaction, the 

conversion of butene-l became 92% and the yield of 
butadiene became 80%. 
The summary of conditions and results of Examples 1 

to 10 and Comparative Example 1 above described are 
shown in Table 1 below. 

TABLE 1 
Properties and Mixing Condition of 

Tellurium-Containing Solid Results of Activity Test 
Te Surface Mixing Reaction Con- Yield of Total Oon 

Bulk Content Concentra- Ratio of Ratio to Tempera- tact Acrylo- version of 
Density (% by tion of Te Bulk Density Catalyst ture Time nitrile Propylene 
(g/ml) weight) (atomic %) of Catalyst (%) (°C.) (sec) (%) (%) 

E?plii 
(A) Before deterioration —— — — — — 460 6.0 80.3 98.6 

(B). After deterioration 0.83 — — -- -— 460 6.0 78.6 97.5 

Tellurium enriched 0.84 2.65 0.52 1.01 11.1 460 6.0 77.3 95.2 
catalyst 

(C) After activation (processing gas: propylene, ammonia, oxygen — 460 6.0 80.1 97.8 
processing and nitrogen) 

M2. 
(A) Before deterioration -— — — — 460 3.5 78.0 98.3 

(B) After deterioration 0.90 -- — — — 460 4.0 76.3 97.8 

Tellurium metal powder 2.14 93.2 78.3 2.38 0.2 — — — - 

(C) After activation (processing gas: nitrogen) -» 460 4.0 77.8 98.0 
processing 

Example 3 Catalyst as described in Example 2 
(B) After deterioration 0.90 — — - — 460 4.0 76.3 97.8 
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TABLE l-continued 
Properties and Mixing Condition of 

Tellurium-Containinry Solid Results of Activity Test 

Te Surface Mixing Reaction Con- Yield of Total Con 
Bulk Content Concentra- Ratio of Ratio to Tempera- tact Acrylo- version of 

Density (% by tion of Te Bulk Density Catalyst ture Time nitrile Propylene 
(g/ml) weight) (atomic %) of Catalyst (%) (°C.) (sec) (%) (%) 

Tellurium dioxide 1.40 77.6 22.2 1.56 0.5 — — — — 

powder 
(C) After activation (processing gas: nitrogen and steam) -— 460 4.0 78.1 97.9 

processing 
M Catalyst as described in Example 2 
(B) After deterioration 0.90 —- — —— — 460 4.0 76.3 97.8 

Tellurium dioxide- 0.98 16.0 1.9 1.09 5.0 — —- — - 

silica powder 
(C) After activation (processing gas: propylene, ammonia, oxygen — 460 4.0 78.3 98.0 

processing and nitrogen) 
Example 5 Catalyst as described in Example 2 
(B) After deterioration 0.90 — — — —- 460 4.0 76.3 97.8 

Tellurium dioxide- As described in Example 1.09 2.5 — — -— — 

silica powder 
(C) After activation (processing gas: propylene, ammonia, oxygen —- 460 4.0 77.8 97.6 

processing and nitrogen) 
Eipm Catalyst as described in Example 2 
(B) After deterioration 0.90 — — — -- 460 4.0 76.3 97.8 

Te—Mo—silica-alumina 0.5l 6.4 2.1 0.57 5.0 — — —- — 

(C) After activation (processing gas: ammonia, oxygen and —— 460 4.0 78.4 98.1 
processing nitrogen) 

éawslsl 
(A) Before deterioration -— — — -— — 450 3.0 85.1 98.2 

(B) After deterioration 0.90 — —- — — 450 3.0 83.2 96.8 

Tellurium-molybdenum 0.91 2.37 1.6 1.01 7.0 450 3.0 78.6 97.0 
enriched catalyst 

(C) After activation (processing gas: propylene, ammonia, oxygen — 450 3.0 85.0 97.3 
processing and nitrogen) 

Example 8 Catalyst as described in Example 7 
(B) After deterioration 0.90 — — — ~ 450 3.0 82.8 96.1 

Tellurium-molybdenum As described in Example 1.0] 3.0 450 3.0 78.6 97.0 
enriched catalyst 

(C) After activation (processing gas: propylene, ammonia, oxygen -— 450 3.0 84.8 96.5 
processing and nitrogen) 

Example 9 Catalyst as described in Example 7 
(A) Before processing 0.90 — — — -— 450 3.0 85.1 98.2 

Tellurium dioxide- As described in Example 4 0.57 2.0 — — — — 

silica powder 
(C) After activation (processing gas: propylene, ammonia, oxygen — 450 3.0 85.7 98.4 

processing and nitrogen) 
Comparative Example 1 Catalyst as described in Example 7 
(A) Before processing 0.90 — — — — 450 3.0 85.1 98.2 

Tellurium dioxide- As described in Example 4 0.57 2.0 - — — - 

silica powder 
(C) After activation (processing gas: ammonia and — 450 3.0 Since a large amount 

processing nitrogen) of CO2 is formed, 
normal reaction can 
not be carried out. 

Example 10 
(A) Before deterioration — — -— — —- 430 2.0 84.1 96.2 

(B) After deterioration 0.95 -— — -— — 430 2.0 82.6 94.9 

Tellurium dioxide- As described in Example 0.54 5.0 — -— -— — 

silica powder 
(C) After activation (processing gas: methanol, ammonia, oxygen — 430 2.0 83.9 95.1 

processing and nitrogen) 

The surface concentration of tellurium in Table 1 was 
measured by XPS (X-ray photoelectron spectroscopy), 
which are indicated as atomic % of detected element. 
The measurement was carried out by means of PHI 

550 type apparatus, and the sample was supported on a 
copper tape. 

In using catalysts enriched with tellurium (or telluri 
um-molybdenum) as the tellurium containing solid, the 
results of activity test of themselves are shown in the 
table together. In every cases, the yield of acrylonitrile 
was lower and the reaction rate was smaller than those 
in case of using the catalyst. 

It is unexpected that the results of the reaction are 
improved instead of deteriorated, in case of carrying 

55 

60 

65 

out the reaction by adding such a tellurium (or telluri 
urn-molybdenum) enriched catalyst, as compared with 
the case of using the base catalyst alone. 

In case that tellurium, tellurium dioxide or another 
tellurium compound is used as supported on a carrier, 
the activity thereof for the desired reaction is further 
low. 

EXAMPLE 12 

A ?uidized-bed catalyst having the empirical formula 
Fe10Sb25W0_25T61_0O67_8(Si0g)30 was used for an am 
moxidation reaction of propylene under condition (1) 
for activity test. 
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The activity was deteriorated by reduction of the 
molar ratio (oxygen/propylene) during the reaction. 
Namely, the yield of acrylonitrile which was 80.3% 

initially became 76.1%. 
When the reaction was continued by mixing 1.0% of 

a tellurium-molybdenum containing solid containing 
38.3% of tellurium, 2.9% of molybdenum and 47.8% of 
silicon dioxide with the catalyst, the yield of acryloni 
trile became 80.5% after 2 hours. Thereafter the reac 
tion was continued for 3 hours, but the yield of acrylo 
nitrile did not change. 

EXAMPLE 13 

A ?uidized-bed reactor having an inner diameter of 
20 cm was packed with a ?uidized-bed catalyst having 
the empirical formula Fe1QSb25Cu3MOQ5WQ3Te1__ 
5O73_4(SiO2)60, and an ammoxidation reaction of propy 
lene was carried out. 

Apparent Linear Velocity of 18 cm/sec 
Gas Introduced into Reactor 
Reaction Pressure 0.5 kg/cmZG 
Molar Ratio of Feed Gas 
Air/ Propylene 
Ammonia/ Propylene 
Reaction Temperature 

10.5 (molar ratio) 
1.05 (molar ratio) 
450° C. 

When the reaction was carried out for 500 hours 
under the above described conditions, the yield of acry 
lonitrile deteriorated. 
When this deteriorated catalyst was removed and 

subjected to activity test under condition (1) for activity 
test, the yield of acrylonitrile was 83.0%. 
To this catalyst, a tellurium-molybdenum containing 

solid containing 35.2% of tellurium, 7.9% of molybde 
num and 44.0% of silicon dioxide was added in an 
amount of 1.1% based on the catalyst while conducting 
the reaction. Two hours after the addition of the telluri 
um-molybdenum containing solid, the yield of acryloni 
trile became 85.5%. 

EXAMPLE 14 

To a deteriorated catalyst as in Example 13, the same 
tellurium-molybdenum containing solid as that de 
scribed in Example 13 was added in an amount of 1.7% 
based on the catalyst, and an ammoxidation reaction of 
propylene was carried out under condition (1) for activ 
ity test. 
Two hours after the initiation of the reaction, the 

yield of acrylonitrile became 85.3%. 

EXAMPLE 15 

A ?uidized-bed catalyst having the empirical formula 
TBQ5MO1QW1F€2CO3Ni2Bi1KQ_1043,6(SiO2)50 was used 
for an ammoxidation reaction of methanol according to 
condition (2) for activity test. 
By carrying out the reaction with a low molar ratio 

(oxygen/methanol) of the feed gas, the yield of hydro 
gen cyanide gradually deteriorated. Although the molar 
ratio was returned to the standard condition for activity 
test, the yield of hydrogen cyanide which was 84.1% 
initially deteriorated to become 82.0%. 

Thus, a tellurium containing solid containing 20.0% 
to tellurium (which was composed of silicon and oxy 
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gen in addition to tellurium) was added in ‘an amount of ' 
1.3% based on the catalyst and a molybdenum contain 
ing solid containing 66.7% of molybdenum (which was 

22 
composed of oxygen in addition to molybdenum) was 
added in an amount of 0.15% based on the catalyst. 
The yield of hydrogen cyanide and the total conver 

sion of methanol were improved with the passage of 
time. After 1 hour, the yield of hydrogen cyanide be 
came 84.3% and the total conversion of methanol be 
came 96.5%. 

EXAMPLE 16 

300 g of a fluidized-bed catalyst having the empirical 
formula F610Sb25WQ25Te1_()O67_3(S102)30 (which was 
the same as described in Example 12) was removed and 
kneaded with added water. It was molded in columns of 
2 mm><2 mm d) and dried. 
Using this catalyst, an oxidative dehydrogenation 

reaction of butene-l was carried out under condition (3) 
for activity test. 
At a reaction temperature of 370° C., the total con 

version of butene-l was 94% and the yield of butadiene 
was 82%. When the molar ratio (air/butene-l) of the 
feed gas was reduced, the oxygen concentration in the 
outlet gas became nearly zero. Even though the molar 
ratio (air/butene-l) was returned to the standard condi 
tion for activity test, the total conversion of butene-l 
fell to 90% and the yield of butadiene fell to 77%. 

After the reaction was stopped, the deteriorated cata 
lyst was removed from the reactor after cooling. It was 
mixed with tellurium-molybdenum containing solid 
pellets previously prepared (which were prepared by 
molding a powder as described in Example 12 by the 
same method as that for the above described catalyst) in 
an amount of 0.5% based on the catalyst, and the reac 
tion was carried out again. 

After carrying out the reaction for 3 hours, the con 
version of butene-l became 80% and the yield of butadi 
ene-became 92%. 

EXAMPLE 17 

A ?uidized-bed catalyst having the empirical formula 
FC10Sb25cu0.5M00_25TCl.OO68.3(SiO2)6Q was used for an 
ammoxidation reaction of propylene under condition 
(1) for activity test. 
A tellurium-molybdenum enriched catalyst having 

the same composition as that of the catalyst in this ex 
ample, except containing 32.9% of tellurium and 7.4% 
of molybdenum was added to the catalyst during the 
reaction at 0.9% based on the catalyst. 
Although the total conversion of propylene was 

98.3% and the yield of acrylonitrile was 78.0% at the 
beginning, the total conversion of propylene became 
99.2% and the yield of acrylonitrile became 78.7% due 
to the activation processing. 

EXAMPLE 18 

To a deteriorated catalyst as in Example 13, a tellu 
rium containing solid used in Example 15 (composed of 
silicon and oxygen in addition to tellurium) was added 
in an amount of 2% based on the catalyst, and an am 
moxidation reaction of propylene was carried out under 
condition (1) for activity test. , 
Three hours after the initiation of the reaction, the 

total conversion of propylene became 96.7% and the 
yield of acrylonitrile became 84.7%. 

COMPARATIVE EXAMPLE 2 

To a deteriorated catalyst as in Example 13, a molyb 
denum containing solid containing 66.7% of molybde 
num (composed of oxygen in addition to molybdenum) 
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was added in an amount of 0.15% based on the catalyst, ducts, the formation of carbon monoxide and hydrogen 
and the reaction was carried out. cyanide was remarkably increased. 
The yield of acrylonitrile was 83.3% which was A summary of conditions and results of the above 

hardly improved, but the total conversion of propylene described Examples 12 to 18 and Comparative Exam 
increased to become 98.1%. As by-products, carbon 5 ples 2 and 3 are shown in Table 2 below. 

TABLE 2 

Total Con 
Reaction Yield of version of 

Condition Tempera- Contact Desired Organic 
1 Composition of Catalyst of Activity ture Time Product Compound 

(atomic ratio) Test ("C.) (sec) (%) (%) 

Exam le 12 Fc10Sb25WQ_25Te1_0O67,8(SiO2)30 Yield of Total Conversion 
Acrylonitrile of Propylene 

(A) Before deterioration (1) 460 6.0 80.3 98.6 
(B) After deterioration " " " 76.1 96.2 

(C) After activation processing ” " " 80.5 98.0 

(Te-Mo-SiO; containing solid) 
Example 13 Fe10Sb25Cu3MoQ_5W0_3Te1,0O73_4(SiO2)60 Yield of Total Conversion 

Acrylonitrile of Propylene 
(A) Before deterioration (1) 450 3.0 85.1 98.2 
(B) After deterioration " " " 83.0 96.5 

(C) After activation processing " ” ” 85.0 98.3 

(Te-Mo-SiOz containing solid) 
Example 14 As in Example 13 Yield of Total Conversion 

Acrylonitrile of Propylene 
(A) Before deterioration (1) 450 3.0 85.1 98.2 
(B) After deterioration " " " 83.0 96.5 

(C) After activation processing " " ” 85.3 98.7 
(Te-Mo-SiOg containing solid) 

Example 15 Te0‘5Mo10W1Fe2Co3Ni2Bi1O43_5(SiO2)50 Yield of Total Conversion 
K Hydrogen Cyanide of Methanol 

(A) Before deterioration (2) 430 2.0 84.1 96.2 
(B) After deterioration " " " 82.0 94.5 

(C) After activation processing (The mixture of " ” " 84.3 96.5 
Te—Si—~O containing solid and Mo containing solid) 

Example 16 F?[OSbZsWQZSTCl,0O67‘8(SlO2)30 Yield of Total Conversion 
Butadiene of Butene-l 

(A) Before deterioration (3) 370 6.1 82.0 940 
(B) After deterioration “ " " 77.0 90.0 

(C) After activation processing " " " 80.0 92.0 

(Te-Mo-SiOz containing solid) 
Example 17 Fe10Sb25Cu0_5Moo_25Te1_0O(,3_3(SiO2)60 Yield of Total Conversion 

Acrylonitrile of Propylene 
(A) Before processing (1) 460 3.5 78.0 98.3 
(C) After activation processing ” ” " 78.7 99.2 

(Te--Mo enriched catalyst) 
Example 18 As in Example 13 Yield of Total Conversion 

Acrylonitrile of Propylene 
(A) Before deterioration (1) 450 3.0 85.1 98.2 
(B) After deterioration " " " 83.0 96.5 

(C) After activation processing " " " 84.7 96.7 

(Te containing solid) 
Comparative As in Example 13 Yield of Total Conversion 
Example 2 Acrylonitrile of Propylene 
(A) Before deterioration (1) 450 3.0 85.1 98.2 
(B) After deterioration " ” " 83.0 96.5 

(C) After activation processing " ” " 83.3 97.3 

(Mo containing solid) 
Comparative As in Example 13 Yield of Total Conversion 
Example 3 Acrylonitrile of Propylene 
(A) Before deterioration (1) 450 3.0 85.1 98.2 
(B) After deterioration " " " 83.0 96.5 

(C) After activation processing " " " 81.2 99.2 

(Mo containing solid) 

dioxide slightly increased, and hydrogen cyanide and 
carbon monoxide increased. 60 

COMPARATIVE EXAMPLE 3 

The reaction was carried out using the same method EXAMPLES 19'21 
as in Comparative Example 2, except that an amount of A fluidized-bed reactor having an inner diameter of 
the molybdenum containing solid mixed was 0.75% 65 20 cm (8 inches) was packed with a ?uidized-bed cata 
based on the catalyst. lyst as described in Example 17, and an ammoxidation 
The yield of acrylonitrile decreased to 81.2%. The reaction of propylene was carried out under the follow 

total conversion of propylene became 99.2% As by-pro- ing conditions. 
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and tellurium sources and silica sol, drying by spraying 
and calcining at 400° C. for 2 hours. 

l’z‘gziaggé L'near vem'ty °f ‘8 cm/Sec' The results of activity test are given in the Table 4 
Reaction Pressure 0.5 kg/cmZG below 

TABLE 4 
Activity Test 

Mixing Ratio of Conditions Results 

Te-Mo Containing Reaction Contact Yield of Conversion 
Solid to Catalyst Temperature Time Acrylonitrile o1‘ Propylene 

Catalyst (%) (°C.) (sec) (%) (%) 
Control 

Before deterioration — 460 3.5 78.0 98.3 
After deterioration — 460 4.0 76.3 97.8 

Example 
19 0.9 460 4.0 78.5 98.7 
20 1.0 460 4.0 77.9 98.3 
21 4.5 460 4.0 78.5 98.5 

Molar Ratio of Feed Gas 
_'__—_""‘ 20 EXAMPLES 22-28 
02 (supplied as the air)/Propylene 
Nl-l3/Propylene 
Reaction Temperature 

2.2 (molar ratio) 
1.1 (molar ratio) 
450° C. 

When the reaction was carried out for 670 hours 
under the above described conditions, the yield of acry 
lonitrile decreased and formation of carbon dioxide 
increased. 

This deteriorated catalyst was removed. To every 2 
kg of the catalyst, a tellurium-molybdenum containing 
solid as described in Table 3 below was added, and an 
ammoxidation reaction of propylene was carried out 
under condition (1) for activity test. 

TABLE 3 
Composition of 

Tellurium-Molybdenum 
Containing Solid Bulk 

(wt %) Density 
Example Te Mo Fe Sb SiOz (g/ ml) 

19 28.0 2.3 -- —-— 61.5 0.95 

20 31.2 7.0 2.7 6.0 39.0 1.32 
21 9.3 2.1 5.7 31.3 37.1 0.95 

The tellurium-molybdenum containing solids in Ex 

25 
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To every 2 kg of the same deteriorated catalysts as 
those in Examples 19-21, a tellurium containing solid 
shown in Table 5 below was added, and an ammoxida 
tion reaction of propylene was carried out under condi 
tion (1) described above for activity test. 

TABLE 5 
Composition of 

Tellurium Containing Solid Bulk 
(wt %) Density 

Example Te Fe V W Cu Ti Zn Bi SiOZ (g/ml) 

22 32.0 — — — — 12.0 — -— 40.0 0.81 

23 28.0 — 1.1 — — — — »—- 63.0 0.92 

24 28.0 — — 8.1 —- -— - - 54.8 0.98 

25 32.0 4.2 - - —- -- - -- 54.0 1.13 

26 32.0 — — — 3.2 — — -- 56.0 1.11 

27 32.0 — — — — — 8.0 — 50.0 0.96 

28 32.0 — — — — — — 9.0 50.0 1.18 

These tellurium containing solids were those pre 
pared by blending the starting materials for each com 
ponent with silica sol, drying by spraying and calcining 
at 400° C. for 2 hours. 
The results of activity test are shown in Table 6 be 

low. 

TABLE 6 
Activity Test 

Mixing Ratio of Conditions Results 
Te-Mo Containing Reaction Contact Yield of Conversion 
Solid to Catalyst Temperature Time Acrylonitrile of Propylene 

Catalyst (%) (°C.) (sec) (%) (%) 

M 
Before deterioration -— 460 3.5 78.0 98.3 
After deterioration — 460 4.0 76.3 97.8 

we 
22 1.25 460 4.0 77.6 98.1 
23 1.4 460 4.0 78.0 98.5 
24 1.4 460 4.0 78.1 98.5 

’ 25 0.5 460 4.0 78.0 98.0 
26 0.9 460 4.0 77.7 98.1 
27 0.9 460 4.0 78.0 97.9 
28 1.0 460 4.0 78.2 97.8 

amples 19 and 20 were those produced by blending 
starting materials of each component with silica sol, EXAMPLE 29 
drying by spraying and calcining at 400° C. for 2 hours. 65 A ?uidized-bed reactor having an inner diameter of 
The tellurium-molybdenum containing solid in Exam 
ple 21 was that produced by blending a slurry of iron 
antimony oxide previously prepared with molybdenum 

20 cm (8 inches) was packed with a ?uidized-bed cata 
lyst having the empirical formula Fe10Sb25Cuo_5Mo0_2. 
5Te1_0O6g_3(SiO2)60, and an ammoxidation reaction of 
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propylene was carried out under the following condi 
tions. 

Apparent Linear Velocity of 1.8 cm/sec. 
Feed Gas 
Reaction Pressure 0.5 kg/cmzG 
Molar Ratio of Feed Gas 

02 (supplied as the air)/Propylene 
Nl-l3/ Propylene 
Reaction Temperature 

2.2 (molar ratio) 
1.1 (molar ratio) 
450° C. 

When the reaction was carried out for 670 hours 
under the above described conditions, the yield of acry 
lonitrile decreased and formation of carbon dioxide 
increased. 

This deteriorated catalyst was removed and 2 kg 
thereof was blended with a tellurium enriched catalyst 
previously prepared in a dry condition such that the 
tellurium enriched catalyst is 10% based on the deterio 
rated catalyst. The reaction was carried out under con 
dition (l) for activity test. The yield of acrylonitrile 
gradually increased and it became 78.1% after carried 
out the reaction for 3 hours. When the reaction was 
carried out using only the deteriorated catalyst under 
condition (1) for activity test, the yield of acrylonitrile 
was 76.3%. 
The tellurium enriched catalyst used in this example 

was prepared as follows. 1 kg of a ?uidized-bed catalyst 
having the above described empirical formula (before 
deterioration) was used. A solution prepared by dis 
solving 56 g of telluric acid in 0.27 l of water was 
blended well with the catalyst. After drying at 120° C. 
for 5 hours, it was calcined at 350° C. for 2 hours. The 
tellurium content of the resulting tellurium enriched 
catalyst was 4.4%. 

EXAMPLE 30 

A ?uidized-bed reactor having an inner diameter of 
20 cm was packed with a ?uidized-bed catalyst having 
the empirical formula Fe10Sb25Cu3MoQ_5W0_3Te1__ 
5O73.4(SiO2)60, and an ammoxidation reaction of propy~ 
lene was carried out under the following conditions. 

Apparent Linear Velocity of 18 cm/sec 
Feed Gas 
Reaction Pressure 0.5 kg/cm2G 
Molar Ratio of Feed Gas 

Air/ Propylene 
Ammonia/ Propylene 
Reaction Temperature 

10.5 (molar ratio) 
1.05 (molar ratio) 
450° C. 

When the reaction was carried out for 500 hours 
under the above described conditions, the yield of acry 
lonitrile deteriorated. 
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When the deteriorated catalyst was removed and the 

examination of activity was carried out under condition 
( 1) for activity test, the yield of acrylonitrile was 83%. 

This deteriorated catalyst was blended with a previ 
ously prepared tellurium-molybdenum enriched cata 
lyst in an amount of 5% based on the deteriorated cata 
lyst in a dry condition, and the reaction was carried out 
under condition (1) for activity test. The yield of acrylo 
nitrile became 85.3% after 3 hours. The tellurium 
molybdenum enriched catalyst used in this example was 
prepared as follows. 

1 kg of the deteriorated catalyst formed was re 
moved. 90 g of a tellurium metal powder was suspended 
in 220 ml of an aqueous solution of ammonium paramo 
lybdate (containing 10.2 g of the molybdenum compo 
nent as M003), and a 35% hydrogen peroxide solution 
was added dropwise thereto with heating to prepare a 
homogeneous solution containing tellurium and molyb 
denum. To this solution, pure water was added to adjust 
the liquid quantity to 320 ml. Then, the resulting solu 
tion was added to the above described deteriorated 
catalyst and the mixture was blended well to impreg 
nate the catalyst with the solution. After drying at 120° 
C. for 16 hours, it was calcined at 450° C. for 2 hours. 
The resulting tellurium-molybdenum enriched catalyst 
contained 9.9% of tellurium and 1.1% of molybdenum. 

EXAMPLE 31 

A deteriorated catalyst as in Example 30 was blended 
with a previously prepared tellurium-molybdenum en 
riched catalyst in an amount of 3.5% based on the dete 
riorated catalyst in a dry condition, and the reaction 
was carried out under condition (1) for activity test. 
The yield of acrylonitrile became 85.0% after 4 hours 
from the initiation of the reaction. 
The tellurium-molybdenum enriched catalyst used in 

this example was prepared as follows. 
98 g of a tellurium metal powder was suspended in 

240 ml of an aqueous solution of phosphomolybdic acid 
(containing 33.2 g of the molybdenum component as 
M003), and a 35% hydrogen perioxide solution was 
added dropwise with heating to prepare a homogeneous 
solution containing tellurium and molybdenum. To this 
solution, pure water was added to adjust the liquid 
quantity to 320 ml. Then, the solution was blended well 
with the catalyst (before deterioration) in Example 30 to 
impregnate the catalyst with the solution. After drying 
at 120° C. for 5 hours, it was calcined at 400° C. for 2 
hours. The resulting tellurium-molybdenum enriched 
catalyst contained 10.3% of tellurium and 2.4% of mo 
lybdenum. 
A summary of conditions and results of Examples 29 

to 31 described above are shown in Table 7 below. 

TABLE 7 

Reaction Contact Yield of Total Conversion 
Composition of Catalyst Condition of Temperature Time Acrylonitrile of Propylene 
(atomic ratio) Activity Test _("C.) (sec) (%) (%) 

Example 29 Fe10Sb25CuQ5MoQ25Te1,0O6g_3(SiO2)60 
(A) Before deterioration (l) 460 3.5 78.0 98.3 
(B) After deterioration " 460 4.0 76.3 98.0 
(C) After activation processing " 460 4.0 78.1 99.1 

(Te enriched catalyst) 
Example 30 FClQSbZSCUQjMOOjWOjTC]_50714(Slo2)60 
(A) Before deterioration (1) 450 3.0 85.l 98.2 
(B) After deterioration " 450 3.0 83.0 96.5 
(C) After activation processing " 450 3.0 85.3 98.3 

(Te-Mo enriched catalyst) 
Example 31 Fe10Sb25Cu3MoQ5WQ3Te1,5O73_4(SiO1)60 
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TABLE 7-continued 

Reaction Contact Yield of Total Conversion 
Composition of Catalyst Condition of Temperature Time Acrylonitrile of Propylene 
(atomic ratio) Activity Test (°C.) (sec) (%) (%) 

(A) Before deterioration (l) 450 3.0 85.1 98.2 
(B) After deterioration " 450 3.0 83.0 96.5 
(C) After activation processing 450 3.0 85.0 98.9 

(Te-Mo enriched catalyst) 

While the invention has been described in detail and 
with reference to speci?c embodiments thereof, it will 
be apparent to one skilled in the art that various changes 
and modi?cations can be made therein without depart 
ing from the spirit and scope thereof. 15 
What is claimed is: 
1. A regeneration process for tellurium containing 

metal oxide catalysts used in the process for oxidation, 
ammoxidation or oxidative dehydrogenation reaction of 
organic compounds at a temperature of about 300° C. to 20 
about 600° C. in a reactor using a metal oxide catalyst 
(A) having a composition, as de?ned in a freshly pre 
pared state, represented by an empirical formula, 

AaTebCCDdEeOx 25 

wherein A represents at least one element selected from 
the group consisting of Sb, Mo and V, Te represents 
tellurium, C represents at least one element selected 
from the group consisting of B, P, As, Bi, S and Se, D 30 
represents at least one element selected from the group 
consisting of Li, Na, K, Rb, Cs and Tl, E represents at 
least one element selected from the group consisting of 
Mg, Ca, Sr, Ba, Y, La, Ce, U, Ti, Zr, Nb, Ta, Cr, W, 
Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Zn, 35 
Cd, Al, Ga, In, Ge, Sn and Pb, and 0 represents oxy 
gen; and a, b, c, d, e and x represent the atomic ratios of 
the elements in the formula for which they are sub 
scripts, wherein a= 10, b=0.0l to 5, c=0 to 10, d=0 to 
5, e=0 to 60 and x is the number of oxygen correspond- 40 
ing to the oxides formed by combining the above de 
scribed components, said catalyst has become partially 
deactivated during the reaction, said process compris 
ing regenerating the deactivated catalyst at the reaction 
temperature under a non-reductive atmosphere by con- 45 
tacting the deactivated catalyst with a tellurium en 
riched metal oxide catalyst (B), represented by the same 
empirical formula as said metal oxide catalyst (A) ex 
cept for the tellurium content, the tellurium content of 
said catalyst (B) being about l% by weight or more and 50 
higher than that of freshly prepared metal oxide catalyst 
(A), said tellurium enriched metal oxide catalyst (B) 
being present in an amount of at least about 0.01% by 
weight based on said metal oxide catalyst (A). 

2. A process according to claim 1, wherein a=l0, 55 
b=0.05 to 3, c=0.005 to 8, d=0 to 3 and e=0.l to 50. 

3. A process according to claim 1, wherein C repre 
sents at least one element selected from B, P and Bi, D 
represents at least one element selected from Li, Na, K, 
Rb and Cs, and E represents at least one element se- 60 
lected from Mg, Ca, Y, La, Ce, U, Ti, Zr, Nb, Ta, Cr, 
W, Mn, Fe, Co, Ni, Pd, Cu, Ag, Zn, Cd, Al, Ga, In, Ge, 
Sn and Pb. 

4. A process according to claim 1, wherein the metal 
oxide catalyst (A) is a ?uidized-bed catalyst having a 65 
particle size from about 5 to 200 microns, which is 
blended in its ?uidized state with the tellurium enriched 
metal oxide catalyst (B). 

5. A process according to claim 1, wherein the ratio 
of bulk density of the tellurium enriched metal oxide 
catalyst (B) to that of the metal oxide catalyst (A) is 
about 0.2:1 to 6:]. 

6. A process according to claim 1, wherein the tellu 
rium enriched metal oxide catalyst (B) has the same 
composition and atomic ratio as the metal oxide catalyst 
(A), except for the tellurium content. 

7. A process according to claim 1, wherein the tellu 
rium enriched metal oxide catalyst (B) is prepared by 
impregnating a metal oxide catalyst with a tellurium 
containing solution prepared by any of the following 
processes (1) to (6) and then drying or calcining at a 
temperature of about 850° C. or less after drying: 
(1) oxidation of tellurium metal by nitric acid 
(2) dissolution of tellurium dioxide or tellurous acid in 

nitric acid; 
(3) dissolution of telluric acid in water or nitric acid; 
(4) oxidation of tellurium metal by hydrogen peroxide 

in the presence of ions and/or a compound selected 
from the group consisting of: 
(a) ammonium ion, 
(b) an alkali metal ion, and 
(c) an oxide, an oxyacid, a salt of an oxyacid, a 

heteropolyacid and a salt of heteropolyacid of va 
nadium and/or tungsten; 

(5) oxidation of tellurium metal by hydrogen peroxide 
in the presence of nitric acid; or 

(6) oxidation by hydrogen peroxide in the presence of 
iron ion after oxidation of tellurium metal by nitric 
acid. 
8. A process according to claim 1, wherein C repre 

sents at least one element selected from the group con 
sisting of B, P and Bi, D repesents at least one element 
selected from the group consisting of Li, Na, K, Rb, Cs, 
and E represents at least one element selected from the 
group consisting of Mg, Ce, U, Ti, Zr, Nb, Cr, W, Mn, 
Fe, Co, Ni, Cu, Zn, Al, Sn, and Pb. 

9. A regeneration process for tellurium containing 
metal oxide catalyst used in the process for oxidation, 
ammoxidation or oxidative dehydrogenation reaction of 
organic compounds at a temperature of about 300° C. to 
about 600° C. in a reactor using a metal oxide catalyst 
(A) having a composition, as de?ned in a freshly pre 
pared state, represented by the empirical formula, 

wherein A represents at least one element selected from 
the group consisting of Sb, Mo and V, Te represents 
tellurium, C represents at least one element selected 
from the group consisting of B, P, As, Bi, S and Se, D 
represents at least one element selected from the group 
consisting of Li, Na, K, Rb, Cs and T1, E represents at 
least one element selected from the group consisting of 
Mg, Ca, Sr, Ba, Y, La, Ce, U, Ti, Zr, Nb, Ta, Cr, W, 
Mn, Re, Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, Pt, Cu, Ag, Zn, 
Cd, Al, Ga, In, Ge, Sn and Pb, and 0 represents oxy 
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gen; and a, b, c, d, e and x represent the atomic ratios of 
the elements in the formula for which they are sub 
scripts, wherein a= 10, b=0.0l to 5, c=0 to 10, d=0 to 
5, e=0 to 60 and x_ is the number of oxygens corre 
sponding to the oxides formed by combining the above 
described components, said catalyst having become 
partially deactivated during the reaction, said process 
comprising regenerating the deactivated catalyst at the 
reaction temperature under a non-reductive atmosphere 
by contacting the deactivated catalyst with a tellurium 
molybdenum enriched catalyst system (C) represented 
by the same empirical formula as said metal oxide cata~ 
lyst (A) except for both of the tellurium and molybde 
num contents, and selected from the group consisting of 
(i) a physical blend of a tellurium enriched catalyst and 
a molybdenum enriched catalyst, and (ii) a tellurium 
molybdenum enriched catalyst, the tellurium and mo 
lybdenum contents being higher than those of the 
freshly prepared metal oxide catalyst (A), respectively, 
the tellurium content of the tellurium-molybdenum 
enriched catalyst system (C) being about 1% by weight 
or more and higher than that of said metal oxide catalyst 
(A) and said tellurium-molybdenum enriched catalyst 
system (C) being present in an amount of a total of about 
0.01% by weight or more based on said metal oxide 
catalyst (A). 

10. A process according to claim 9, wherein a=lO 
b=0.05 to 3, c=0.005 to 8, d=0 to 3 and e=0.l to 50. 

11. A process according to claim 9, wherein C repre 
sents at least one element selected from B, P and Bi, D 
represents at least one element selected from Li, Na, K, 
Rb and Cs, and E represents at least one element se 
lected from Mg, Ca, Y, La, Ce, U, Ti, Zr, Nb, Ta, Cr, 
W, Mn, Fe, Co, Ni, Pd, Cu, Ag, Zn, Cd, Al, Ga, In, Ge, 
Sn and Pb. 

12. A process according to claim 9, wherein the mo 
lybdenum content of the tellurium-molybdenum en 
riched catalyst system (C) is 0.5% by weight or more. 

13. A process according to claim 9, wherein the 
atomic ratio of molybdenum:tellurium in the tellurium 
molybdenum enriched catalyst system (C) which is 
contacted with the metal oxide catalyst (A) is about 
0.05:1 to 10:1. 

- 14. A process according to claim 9, wherein the metal 
oxide catalyst (A) is a ?uidized-bed catalyst having a 
particle size of 5 to 200 microns, and said catalyst (A) is 
contacted with (a) tellurium enriched catalyst and (b) 
molybdenum enriched catalyst, in a ?uidized state dur 
ing the reaction. 

15. A process according to claim 9, wherein the tel 
lurium-molybdenum enriched metal oxide catalyst has 
the same composition and atomic ratio as the metal 
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32 
oxide catalyst (A), except for both tellurium and molyb 
denum contents. 

16. A process according to claim 8, wherein the tel 
lurium-molybdenum enriched catalyst (ii) is that pre 
pared by impregnating a metal oxide catalyst with a 
tellurium-molybdenum containing solution prepared by 
one of the following processes (1), (2) or (3), drying and 
thereafter calcining at a temperature lower than about 
600° C.: 
(l) dissolving at least one member selected from the 
group consisting of tellurium metal, tellurium monox 
ide, tellurium dioxide, tellurous acid, tellurium triox 
ide and telluric acid and at least one member selected 
from the group consisting of molybdenum metal, 
molybdenum dioxide, molybdenum trioxide, ammo 
nium metamolybdate, ammonium paramolybdate, 
phosphomolybdic acid, silicomolybdic acid and 
boromolybdic acid in water or nitric acid; 

(2) dissolving telluric acid and at least one member 
selected from the group consisting of an oxyacid, a 
salt of an oxyacid, a heteropolyacid, a salt of a 
heteropolyacid of molybdenum in water or nitric 
acid; or 

(3) dissolving tellurium metal in a hydrogen peroxide 
solution in the presence of an oxide, an oxyacid, a salt 
of an oxyacid, a heteropolyacid, or a salt of a 
heteropolyacid of molybdenum. 
17. A process according to claim 16, wherein the 

tellurium-molybdenum enriched catalyst (ii) is formed 
by impregnating a fresh, spent or deteriorated metal 
oxide ?uidized-bed catalyst (D) having a particle size of 
about 5 to 200p and a pore volume about 0.1 to 0.8 ml/ g 
with the tellurium-molybdenum containing solution in 
an amount of about 0.7 to 1.3 times the pore volume of 
said ?uidized-bed catalyst (D), drying and thereafter 
calcining at a temperature of lower than about 600° C. 

18. A process according to claim 9, wherein the mo 
lybdenum enriched catalyst is prepared in the same 
manner as the tellurium-molybdenum enriched catalyst 
except that no tellurium component is used for the im 
pregnating step. 

19. A process according to claim 9, wherein deacti 
vated catalyst (A) is blended with_a dry tellurium 
molybdenum-enriched catalyst or a dry blend of a tel 
lurium-enriched catalyst and a molybdenum-enriched 
catalyst such that the increase in tellurium contained in 
the catalyst blend is from about 0.001 to 15% of the 
total catalyst weight, and the increase in molybdenum 
contained in the catalyst blend is from about 0.002 to 
10% of the total catalyst weight. 

* * * * * 


